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VKDUH D UHSDLU GHSHQGHQF\ DPRQJ FRPSRQHQWV WKDQ 6WRFKDVWLF 3HWUL 1HWV 631 FDQ HDVLO\ PRGHO VXFK D UHSDLU
GHSHQGHQF\>@
7KH XVXDO GHSHQGDELOLW\ PRGHO W\SHV DFFRUGLQJ ZLWK 0DOKRWUD DQG 7ULYHGL >@ 3XOLDILWR HW DO >@ DUH WKH
IROORZLQJ UHOLDELOLW\ EORFN GLDJUDPV 5%' IDXOW WUHHV ZLWKRXW UHSHDWHG HYHQWV )7 IDXOW WUHHV ZLWK UHSHDWHG
HYHQWV)75(UHOLDELOLW\JUDSKV5*FRQWLQXRXVWLPH0DUNRYFKDLQV&70&JHQHUDOL]HGVWRFKDVWLF3HWULQHWV
*631DQGWKHSURSRVHGVLPSOLILHG631PRGHO/RJLFDO([SOLFLW6WRFKDVWLF3HWUL1HWV/(631
0DOKRWUDDQG7ULYHGL>@KDVEHHQVKRZQWKDWD5%'LVHTXLYDOHQWWRD)7,Q7ULYHGL>@KDVEHHQSUHVHQWHGWKH
DOJRULWKPWRFRQYHUWWKH5%'PRGHOW\SHLQWR)7PRGHOW\SHDQGWKHFRXQWHUDVVHUWLRQ7KH)75(SRVVHVVHVKLJKHU
PRGHOOLQJSRZHUWKDQ)7RU5%'EHFDXVHDQ\5%'RU)7PRGHOFDQDOVREHPRGHOOHGE\D)75($Q\)7FDQEH
FRQYHUWHGWRD5*,QWKHSDSHU0DOKRWUDDQG7ULYHGL>@LVSUHVHQWHGWKLVFRQYHUVLRQDOJRULWKPEXWDOVRWKDWQRW
HYHU\5*FDQEHFRQYHUWHGWRDQHTXLYDOHQW)76LQFH)7LVHTXLYDOHQWWR5%'WKLVDOVRSURYHVWKDWQRWHYHU\5*
FDQ EH FRQYHUWHG WR DQ HTXLYDOHQW 5%'$Q\ 5* FDQ EH FRQYHUWHG WR DQ HTXLYDOHQW )75( VR LQ0DOKRWUD DQG
7ULYHGL>@LVSUHVHQWHGWKHFRQYHUWLQJDOJRULWKPEXWDOVRWKDWWKH)75(WR5*FRQYHUVHLVQRWWUXH
0DUNRYPRGHOVFDQKDQGOHVRPHGHSHQGHQFLHVLQDV\VWHPZKLFKFRPELQDWRULDOPRGHOVFDQQRWDFFRUGLQJZLWK
)ULFNVDQG7ULYHGL>@0XUDWD>@5HSDLUGHSHQGHQF\FDQQRWEHPRGHOHGE\DQ\FRPELQDWRULDOPRGHOW\SHEXWD
&70&DQGD*631PRGHOFDQHDVLO\PRGHO VXFKGHSHQGHQF\7ULYHGL >@KDVEHHQVKRZQ WKDW&70&PRGHO LV
HTXLYDOHQW WR *631 PRGHO )RU HYHU\ *631 PRGHO DQ HTXLYDOHQW &70& H[LVWV DQG YLFHYHUVD 0DOKRWUD DQG
7ULYHGL>@SUHVHQWWKH*631WR&70&FRQYHUVLRQDOJRULWKPDQGDOVRWKH&70&*631FRQYHUVLRQDOJRULWKP7KH
RYHUDOOKLHUDUFK\RIGHSHQGDELOLW\PRGHOW\SHVLVVKRZQLQ)LJ
6HFWLRQSUHVHQWVWKHIDXOWWROHUDQWPXOWLSURFHVVRUV\VWHP)706DQGLWV*631GHSHQGDELOLW\PRGHOW\SH,Q
VHFWLRQZHSUHVHQW WKHDOJRULWKPWRGHYHORS WKHPRGHO /RJLFDO([SOLFLW6WRFKDVWLF3HWUL1HWV /(631 IRU WKH
)7066HFWLRQSUHVHQWVWKHFRPSDUDWLYHVWXG\RIWKH/(631PRGHODQG*631PRGHOIRU)706


)LJ3RZHUKLHUDUFK\DPRQJWKHGHSHQGDELOLW\PRGHOW\SHV
*631PRGHOLQJ)706GHSHQGDELOLW\
)LJ  VKRZV WKH IDXOWWROHUDQW DQDO\]HG PXOWLSURFHVVRU V\VWHP )706 KDYLQJ D VKDUHG PHPRU\ 0 7KH
PXOWLSURFHVVRUFRQVWUXFWLRQKDVWZRSURFHVVRUV3DQG3HDFKZLWKDSULYDWHPHPRU\0DQG0UHVSHFWLYHO\$
SURFHVVLQJXQLWFRQVLVWVRIDSURFHVVRUDQGLWVPHPRU\DQGERWKSURFHVVLQJXQLWVDUHFRQQHFWHGWRDPLUURUHGGLVN
V\VWHP7KH\DUHFRQQHFWHGYLDDQLQWHUFRQQHFWLRQQHWZRUN1
7KH SURSRVHG V\VWHP LV IXQFWLRQDO ZKLOH 1 LV IXQFWLRQDO DQG DW OHDVW RQH RI WKH SURFHVVLQJ VXEV\VWHPV LV
IXQFWLRQDOWRR)RUDSURFHVVLQJVXEV\VWHPWREHIXQFWLRQDOWKHSURFHVVRUWKHPHPRU\PRGXOHDQGDWOHDVWRQHRI
WKHWZRGLVNVPXVWEHIXQFWLRQDO
,QWKHIDXOWWROHUDQWV\VWHPVGHSHQGDELOLW\PRGHOOLQJKDYHWREHUHSUHVHQWHGUDQGRPYDULDEOHVDVIXQFWLRQDOWLPH
UHSDLUWLPH$631LVDEOHWRDVVRFLDWHDWLPHUDQGRPYDULDEOHWRWKHWLPHGWUDQVLWLRQDQGDOVRDQH[SRQHQWLDOORZIRU
WKHUDQGRPYDULDEOHÄWLPHRIWKHWUDQVLWLRQH[HFXWLRQ´,Q0DOKRWUDDQG7ULYHGL>@IRUDYDLODELOLW\FRPSXWLQJRIWKH
PXOWLSURFHVVRUKDVEHHQSURSRVHG WKHJHQHUDOL]HGVWRFKDVWLF3HWULQHWPRGHOZKLFKDOORZVXVLQJ WLPHGVWRFKDVWLF
WUDQVLWLRQV DQG DOVR LPPHGLDWH WUDQVLWLRQV QRWLPHG$FFRUGLQJZLWK3XOLDILWR HW DO >@*631KDV WZR W\SHVRI
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PDUNLQJVYDQLVKLQJKDYLQJDWOHDVWRQHYDOLGDWHGLPPHGLDWHWUDQVLWLRQDQGVWDEOHKDYLQJQRYDOLGDWHGLPPHGLDWH
WUDQVLWLRQ
)LJDVKRZVWKH*631PRGHORIWKHQRQUHSDLUDEOH)706ZLWKVKDUHGPHPRU\7KHIDXOWHYHQWV IRUV\VWHP
HOHPHQWVDUHPRGHOOHGXVLQJ53VXEQHWVLQ)LJE7KHORJLFDOFRQGLWLRQVRIPXOWLSURFHVVRUIDLOXUHDUHPRGHOOHG
XVLQJ 53 53 VXEQHWV SUHVHQWHG LQ )LJ FG 7KH 53 VXEQHWV XVH WLPHG VWRFKDVWLF WUDQVLWLRQV DQG EXLOG WKH
ÄHYHQWVPRGHOOLQJVXEQHW´(067KH5353VXEQHWVZKLFKDUHPRGHOOLQJWKH&&&QORJLFDOFRQGLWLRQV
OHDGLQJWRWKHV\VWHPIDLOXUH'[XVHLPPHGLDWHWUDQVLWLRQVDQGEXLOGWKHÄORJLFDOVXEQHW´/67KH53VXEQHW
$1'W\SHFRQGLWLRQ LVPRGHOOLQJ WKHV\VWHPIDLOXUH LIDOO WKH&&&QFRQGLWLRQVDUH WUXH7KH53VXEQHW
25W\SHFRQGLWLRQLVPRGHOOLQJWKHV\VWHPIDLOXUHLIRQHRIWKH&&&QFRQGLWLRQVLVWUXH
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)LJ7KH*631PRGHOIRUWKH)706DHYHQWVPRGHOLQJVXEQHWE$1'ORJLFDOVXEQHWF25ORJLFDOVXEQHWG
,Q0DOKRWUDDQG7ULYHGL>@WKH*631LVSUHVHQWHGDQGLWFRQGXFWVWRWKHPXOWLSURFHVVRUIDLOXUHKDSSHQLQJZLWK
WKHDSSDULWLRQRIDWRNHQLQ'6SODFHRIWKH*631PRGHOGXHWRVRPHRIWKHV\VWHPHOHPHQWVIDXOWV$WWKLVWLPHWKH
LQKLELWRU DUFV RI WKH*631DUHEORFNLQJ WKH H[HFXWLRQRI WKH YDOLGDWHG VWRFKDVWLF WUDQVLWLRQV DV=LMDO H[SODLQV LQ
>@
/(631PRGHODQG)75(/(631FRQYHUVLRQDOJRULWKP
7KH*631PRGHOW\SHDOWKRXJKLVVLWXDWHGRQWKHWRSRISRZHUPRGHOOLQJKLHUDUFK\SUHVHQWVVRPHLPSRUWDQW
OLPLWVEHFDXVHRIWKHORJLFDOVXEQHW/6XVHGLQRSHUDWLRQDOGHSHQGHQF\PRGHOOLQJ$OVRWKHYHU\ODUJHVL]HRIWKH
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*631PRGHODSSHDUVEHFDXVHRIPRGHOOLQJWKHORJLFDOV\VWHPSHUIRUPDQFHFRQGLWLRQVDV)ULFNVDQG7ULYHGLLQ>@
FRQFOXGHG7KLVFRQGXFWVWRDYHU\ODUJH*631PRGHOHYHQIRUVLPSOHV\VWHPVPDNLQJYHU\GLIILFXOWWRUHSUHVHQW
WKH*631PRGHOIRUDUHSDLUDEOHFRPSOH[V\VWHPDFFRUGLQJZLWK1DYHWLQ>@DQG=LMDOLQ>@
7KH SURSRVHG VLPSOLILHG PRGHO /(631 ZKLFK LV H[SODLQHG LQ 'XPLWUHVFX >@ XVHG LQ WKLV SDSHU IRU WKH
PXOWLSURFHVVRU DQDO\]HG V\VWHP GRHV QRW XVH WKH /6 IRU WKH GHSHQGDELOLW\ PRGHOOLQJ 7KH ORJLFDO SHUIRUPDQFH
FRQGLWLRQVRIWKHV\VWHPDUHPRGHOOHGRXWVLGHWKH631LQD631DVVRFLDWHWDEOH7KH631VWUXFWXUHXVHVRQO\WKH
HYHQWVPRGHOOLQJVXEQHW(06
&RPSDULQJWRWKH*631PRGHOWKH/(631PRGHOKDVWKHIROORZLQJDGYDQWDJHV
x LWXVHVDKLJKHUOHYHO31ZLWKFRORXUVZLWKSUHGLFDWHVWUDQVLWLRQJLYLQJDYHU\HDV\WRXVHDQGLQWXLWLYHVWUXFWXUH
x LWVGLPHQVLRQVDUHUHGXFHGJLYLQJDVLPSOLILHGGHSHQGDELOLW\PRGHOOOLQJ
x LWXVHVRQO\WKH(06PRGXODUDUFKLWHFWXUH
x WKHV\VWHPORJLFDOFRQGLWLRQVDUHPRGHOOHGRXWVLGHWKH631LQWKHORJLFDOWDEOHFDOOHG3(5)250$1&(
x WKHRSHUDWLRQDOGHSHQGHQFLHVEHWZHHQWKHV\VWHPFRPSRQHQWVDVVRFLDWHWR(06GLIIHUHQWPRGXOHVDUHPRGHOOHG
E\WKHDUFVVHWDQGWKHSUHGLFDWHVWUDQVLWLRQVHW
x WKHV\VWHPEHKDYLRXUGRHVQRWSRVVHVVWKHYDQLVKLQJPDUNLQJVFUHDWHGE\WKH/6RIWKH*631PRGHO
x LWLVHDV\WRH[WHQGWKHPRGHOIURPQRQUHSDLUDEOHV\VWHPWRWKHUHSDLUDEOHV\VWHPRQO\DGGLQJWKHWUDQVLWLRQVIRU
WKHUHSDLUHYHQWVRIWKHFRPSRQHQWV
,IDFRQYHUWLQJDOJRULWKPIURP)75()LJWR/(631PRGHOZLOOEHSUHVHQWHGWKLVFRQGXFWVWRWKHFRQFOXVLRQ
WKDW/(631PRGHOLVPRUHSRZHUIXOWKDQ)75(PRGHO$OVRLWLVREYLRXVFOHDUWKHHTXLYDOHQFHEHWZHHQWKH/(631
PRGHODQG*631&70&PRGHOV
)75(GHSHQGDELOLW\PRGHOIRU)706SUHVHQWHGLQ)LJLVFRPSRVHGRIIRXUWKOHYHOJDWHV$1'$1'
$1' $1' WKLUG OHYHO JDWHV 25 25 VHFRQG OHYHO JDWH $1'  DQG ILVW OHYHO JDWH 25 7KH
SURSRVHGDOJRULWKPEXLOW/(631VXEQHWVEHJLQQLQJZLWKWKHELJJHVW OHYHOJDWHV:HEXLOGWKH/(631VXEQHWV IRU
WKH$1'$1'$1'$1'JDWHVSUHVHQWHGLQ)LJ
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)LJ/(631VXEQHWVIRU$1'$1'$1'$1'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JDWHV
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7KHQH[WVWHSRI WKHDOJRULWKPHODERUDWH/(631VXEQHWV IRU WKLUG OHYHO2525JDWHV )LJZKLFKDUH
FRQQHFWHGZLWK LQWHUUXSWHG DUFV WR WKH VXEQHWV RI IRXUWK OHYHO JDWHV 7KDQ LQ WKH IROORZLQJ VWHSZH HODERUDWH WKH
/(631VXEQHWIRUWKHVHFRQGOHYHO$1'JDWHE\UHFRQVWUXFWLQJERWKWKH/-DQG/-SODFHVLQWKHQHZ/-
SODFHZKLFKDGGDOOWKHWRNHQVRI/-DQG/-SODFHVDQGDOOWKHLUDUFV)LJ
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)LJ7KHQRQFRORXUHGPRGHORI/(631VXEQHWIRU$1'JDWH
7KH QH[W VWHS RI WKH DOJRULWKP LV WR FRORXU WKH /(631 SUHVHQWHG LQ )LJ  DQG WR HODERUDWH WKH
SUHGLFDWHVWUDQVLWLRQVHWVDGGHGLQ)LJ7KHQZHEXLOWWKH/(631VXEQHWIRUWKHILUVWOHYHO25JDWHEHJLQQLQJ
ZLWK WKH1SULPDU\HYHQWRI WKHJDWH7KH/-SODFH LVFRQQHFWHGZLWKRXWDUFV WR WKHVWRFKDVWLF WUDQVLWLRQVDQG
ZLWKLQDUFVWRWKHLPPHGLDWHWUDQVLWLRQVRIWKH/(631IRXU$1'JDWHV
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7KH /(631o)75( WUDQVIRUPDWLRQ LVQ¶W DOZD\V SRVVLEOH ,Q WKH FRPSOH[ FDVH RI WKH UHQHZDO V\VWHP LW¶V
LPSRVVLEOHWRILQGWKHHTXLYDOHQW)75(PRGHO7KDWPHDQVWKH/(631PRGHOKDVDKLJKHUGHSHQGDELOLW\PRGHOOLQJ
SRZHUWKDQ)75(PRGHO
&RQFOXVLRQV
7KH/(631PRGHOIRUWKH)706KDVDPRGXODUDUFKLWHFWXUHDQGXVHVKLJKOHYHO631,WKDVDYHU\LQWXLWLYHDQ
HDV\WRXQGHUVWDQGVWUXFWXUHZKLFKPDNHLWDQGHDV\WRXVH7KHLPPHGLDWHWUDQVLWLRQV7DQG7DUHPRGHOOLQJWKH
UHGXQGDQF\RIWKH'DQG0V\VWHPFRPSRQHQWV7KH/-WRNHQVVKRZWKDWERWKSURFHVVLQJXQLWVDUHRSHUDEOH
,W LV REYLRXVO\ FOHDU WKDW WKH IDLO VWDWH RI WKH V\VWHP DSSHDUV ZKHQ ERWK /- WRNHQV DUHPRYLQJ WKHQ WKH V\VWHP
DYDLODELOLW\LVDIIHFWHG$9$,/ 
7KH/(631PRGHOIRUWKH)706ZLWKVKDUHGPHPRU\KDVDUHGXFHGQXPEHURISODFHVDQGWUDQVLWLRQVFRPSDULQJ
ZLWK WKH *631 PRGHO )LJ  $OVR WKH V\VWHP EHKDYLRU LV YHU\ FRUUHFW PRGHOHG EHFDXVH WKH /(631 PRGHO
HOLPLQDWHV WKH YDQLVKLQJ PDUNLQJV FUHDWHG E\ WKH *631 PRGHO %HFDXVH RI WKH VWURQJ PRGHOLQJ SRZHU WKH
SURFHVVRU WHVWVEHIRUH LPSOHPHQWLQJ LQ WKHFRQWUROV\VWHPVDUHPRUHVHFXUHDQG WKHPHDVXUDEOHSUDFWLFDO UHVXOWV
PHDQLQJWKHDYDLODELOLW\RI)706SUHVHQWDELJOHYHORIWUXVW
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